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NATIONAL ABVTSOEY COMMITTEE FOE AERONAUTICS 
EESEABCH MEMORANDUM . 

SIMULATED ALTITUDE FERFOEMANCE OF COMBUSTOR OF WESTINCSCUSE 19XB-1 

JET-PROPULSION ENGINE 

By J. Howard Childs and Richard J. McCafferty 


SUMMARY 

A 19XB-1 combustor was operated under conditions simulating 
zero-ram operation of the 19BB-1 turbojet engine at various altitudes 
and engine speeds. The combustion efficiencies and the altitude 
operational limits were determined; data were also obtained on the 
character of th combustion, the pressure drop through the combustor, 
and the ccanbustor-outlet temperature and velocity profiles. 

At altitudes about 10,000 feet below the operational limits, the 
flames were yellow and steady and the temperature rise through the 
combustor increased with fuel-air ratio throughout the range of fuel- 
air ratios investigated. At altitudes near the operational limits, 
the flames were blue and flickering and the combustor was sluggish in 
its response to changes in fuel flow. At these high altitudes, the 
temperature rise through the ccanbustor increased very slowly as the 
fuel flow was increased and attained a maximum at a fuel-air ratio 
much leaner than the over-all stoichiometric; further increases In 
fuel flow resulted in decreased values of combustor temperature rise 
and increased resonance until a rich-limit blow-out occurred. 

The approximate operational ceiling of the engine as determined 
by the oombustor, using AN-F-28, Amendment -3, fuel, was 30,400 feet 
at a simulated engine speed of 7500 rpm and increased as the engine 
speed was increased. At an engine speed of 16,000 rpm, the opera- 
tional celling was approximately 48,000 feet. Throughout the range 
of simulated altitudes and engine speeds investigated, the combustion 
efficiency increased with increasing engine speed and with decreasing 
altitude. The combustion efficiency varied from over 99 percent at 
operating conditions simulating high engine speed and low altitude 
operation to less than 50 percent at conditions simulating operation 
at altitudes near the operational limits. The isothermal total- 
pressure drop through the combustor was 1.82 times as great as the 
inlet dynamic pressure. As expected from theoretical ecus iderat ions, 
a straight-line correlation was obtained when the ratio of the com- 
bustor total -pressure drop to the combustor-inlet dynamic pressure 
was plotted as a function of the ratio of the combustor-inlet air 
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density to the combustor-outlet gas density. The combustor- outlet 
temperature profiles were, in general, more uniform for runs in which 
the temperature rise was low and the combustion efficiency was high. 
Inspection of the combustor haslcet after 36 hours of operation showed 
very little deterioration and no appreciable carbon deposits. 


USTRODDCTION 

Performance studies of 1SEXB-1 turbojet engine conducted in 
the Cleveland altitude wind tunnel (reference l) indicated that the 
engine operated satisfactorily at low altitudes, but as the simulated 
altitude was increased at any given rotational speed, engine operation 
first became sluggish and then failed at a certain altitude. The 
engine operational failures were characterized by a decrease of turbine 
speed and the appearance of long flames extending from the engine 
exhaust nozzle; increasing the fuel flow resulted in further decelera- 
tion of the engine and longer exhaust flames until combustion ceased. 

Similar operation, but with lower limiting altitudes than those 
found with the 19XB-1, was obtained in a wind-tunnel investigation 
on the 1SB engine (reference l) . An investigation was made of the 
performance of the combustor in the combustion laboratory and it was 
shown that the altitude operational limits of the 19B engine are 
Imposed by the combustor (reference 2); the 192B-1 engine uses the 
same combustor as the 19B engine. Reference 2 also reported that 
performance of the 1SB combustor was adversely affected by decreasing 
the inlet-air pressure or temperature and by increasing the inlet- 
air veloolty. The higher compression ratio of the 19XB-1 compressor 
therefore results in conditions of the combustor- inlet air in the 
19XB-1 engine more favorable to the combustion process and hence a 
higher altitude operational limit would be expected. 

The altitude performance of the 19XB-1 combustor was investigated 
at the MCA Cleveland laboratory under conditions simulating zero- 
ram operation of the 19ZB-1 engine at various altitudes and rota- 
tional speeds. This investigation was conducted during the period 
December 1945 to Maroh 1946. The altitude operational limits and 
ccuibustion efficiencies in the operational range are presented. The 
altitude operational limits were indicated by failure of the combustor 
to supply the combustor-outlet temperature required for operation of 
the engine. Data were also obtained on the character and appearance 
of the combustion, the general condition of the combustor, the total- 
pressure drop through the combustor, and the combustor-outlet temper- 
ature and velocity profiles. 
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APPARATUS ABD UBTSQMBBTATIOB 
Combustor 

A diagrammatic cross section, of the combustor irwfai latlon is 
shown in figure 1. The combustor in the 19XB-1 engine, which is the 
same as the 1SB combustor, is approximately 19 inches in diameter 
and fills the annular space around the compressor-turbine shaft of 
a 19XB-1 turbojet engine. A description of the combustor is given 
in reference 2. 


Apparatus 

A d iagr am of the general arrangement of the Installation is 
shown in figure 2. The combustor was connected to the laboratory 
air supply and exhaust systems and the air quantities and pressures 
were regulated by remote- control valves. The exhaust gases were 
oooled by means of water sprays in the vertical exit pipe. 

For regulation of inlet-air temperatures, a portion of the air 
was burned with gasoline in a preheater and then mixed uniformly 
with the rest of the air upstream of the combustor. The preheater 
was operated at conditions giving efficient combustion in order to 
minimize contamination of the air by combustibles. The use of suoh 
a preheater to produce a 200° F rise in the inlet-air temperature 
results in a consumption of 3.9 percent of the oxygen, an Increase 
in the carbon- dioxide content of the inlet air by 0.80 percent of 
the total air weight, and an increase in the moisture content by 
0.36 percent of the total air weight. 

The inlet and outlet ducts were fabricated to simulate the 
dimensions and contours of the engine ducts leading to from 
the combustor. Figure 1 shows the longitudinal cross section of 
the combustor and adjacent ducting and indicates the location of 
instrumentation planes. Observation windows for viewing the 
combustion were provided in the combustor housing as shown in 
figures 2 and 3. Another observation window, located in the 
vertioal exit pipe (fig. 2), provided an end view of the Inside of 
the combustor. 

Temperature and velocity profiles at the combustor inlet were 
made uniform by first introducing turbulence to mix the air thor- 
oughly with the exhaust gas from the preheater and then removing the 
turbulence in a calming chamber. (See fig. 2.) Maximum differ- 
ences between local inlet temperatures and the mean temperature were 
about 5° F and occurred only in runs with high preheat temperatures . 
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The maximum and ml nlmum inlet velocities deviated by about 5 percent 
from the mean velocity for most runs. The 24 fuel nozzles in the 
combustor were periodically calibrated and replac ed when necessary; 
these nozzles were well matched, having maximum deviations of ±3 per- 
cent from the mean fuel delivery when individually calibrated at a 
pressure differential of 25 pounds per square inch. 


Instrumentation 

The thermocouple Junctions and the pressure taps in each instru- 
mentation plane were located at centers of equal areas, as shown in 
figure 4. The letter positions at all instrumentation planes are 
arranged clockwise as seen looking upstream. A tabulation of the 
number and type of instruments at each plane follows: 


Instrumentation plane 



2 

3 

Instruments 

Number 

of 

rakes 

Probes 

per 

rake 

Total 

number 

of 

probes 

Number 

of 

rakes 

Probes 

per 

rake 

Total 

number 

of 

probes 

Thermocouples 

8 

1 

8 

16 

3 

48 

Total-pressure 

tubes 

4 

4 

16 

8 

4 

32 

Wall-static 

pressure orifices 

; 


5 
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Instrumentation plane 2 (fig. l) is located at the combustor inlet, 
which has a cross-sectional area of 0.647 square foot; instrumenta- 
tion plane 3 (fig. 1) is at the combustor outlet where the annular 
cross-sectional area is 0.858 square foot. The pressure taps at 
plane 3 were located 1 Inch downstream of the thermocouple rakes. 
Construction details of the temperature- and pressure-measuring 
Instruments are shown In figure 5. 
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Pressure data were obtained frcm photographs of nanometers. 

The thermocouples were connected through multiple switches to two 
calibrated, self-balancing potentiometers, one with -100° to 700° F 
range to record the Inlet temperatures and one with 400° to 2400° F 
range to record the outlet temperatures. Fuel flows to the combustor 
and preheater were metered separately with calibrated rotameters. 

The pressure differential across the fuel nozzles was measured when 
possible by a 50-inch mercury manometer; higher pressure differentials 
were determined by obtaining the fuel manifold pressure with a Bourdon- 
type gage and correcting for the comb us tor- inlet pressure. The air 
flow to the combustor was metered by a square-edge orifice Installed 
according to A.S.M.E. specifications and located upstream of all 
regulating valves. 


PROCEDURE 

Program 

The program was divided Into two principal investigations: (a) 

determination of altitude operational limits, and (b) determination 
of combustion efficiencies. Estimated combustor- Inlet conditions 
w-Tvl combustor- outlet temperature s corresponding to zero-ram 
operation for the 1SXB-1 engine at various altitudes and engine 
speeds were supplied by the manufacturer and are shown In figure 6. 
These data were used to set the combustor operating conditions 
necessary to simulate engine operation at any desired altitude and 
engine speed. 

In order to determine the altitude operational limits, the 
combustor was operated with Inlet conditions of air flow, pressure, 
and temperature simulating engine operation at various altitudes 
and engine speeds. For each simulated altitude - engine-speed condi- 
tion the fuel flow (AB-F-28, Amendment:-3, fuel) was varied through 
a wide range in an attempt to obtain the combustor- outlet tempera- 
ture required for nonaccelerating engine operation. If the 
required combustor-outlet temperature could be obtained, the 
simulated altitude and engine speed was considered within the 
operational range of the engine; if the required combustor- outlet 
temperature was unobtainable, the simulated altitude and engine 
speed was considered within the nonoperat lonal range of the engine. 

In order to obtain general combustor performance information, data 
were usually reoorded and the combustion characteristics noted as 
each of the following events occurred: (1) An average ccxnbustor- 

outlet temperature was obtained that was equal to or sligh t ly above 
the nonaccelerating engine reqiurement; (2) the character of the 
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combustion changed; (3) a maximum obtainable (peak) value of average 
combustor-outlet temperature was reaohed; (4) some local outlet 
temperatures exceeded the potentiometer limit (2400° F) and were 
considered unsafe for the instrumentation, making a further increase 
in fuel flow inadvisable; and (5) combustion ceased (blow-out). The 
sequence and the number of these events varied for different points. 

The oombustor was operated over a more extensive range of alti- 
tudes and engine speeds than necessary to determine altitude opera- 
tional limits to obtain combustion efficiencies. For each altitude - 
engine-speed condition selected for study, the air flow and the 
pressure and temperature at the combustor inlet were maintained 
constant at the values shown in figure 6 and the fuel flow (AN-F-28 
fuel) was altered to give an average outlet temperature approximately 
equal to that required for nonaccelerating engine operation (fig. 6(d)) 
The average combustor-outlet temperature was difficult to estimate 
because the outlet-temperature distribution was nonuniform; data 
were therefore usually recorded at two or more fuel flows that gave 
average combustor- outlet temperatures slightly above and slightly 
below the required value. An interpolation was then made between 
the combustion efficiencies for these outlet temperatures to .obtain 
the combustion efficiency for an average combustor- outlet temperature 
equal to the nonaccelerating engine requirement. 


Methods of Calculation 

The average dynamic pressures at Instrumentation planes 2 and 3 
were computed from the air flow, the fuel flow, and the average 
temperatures and static pressures measured at these instrumentation 
planes. The total- pressure drop across the combustor was obtained 
as follows: Static pressures at instrumentation planes 2 and 3 were 

measured, the average dynamic pressures were added to these values 
to give total pressures at the combustor inlet and outlet, and the 
difference between these values was taken as the total-pressure drop 
across the combustor. 

In order to determine velocity profiles, the local velocities 
at several points were computed from the measured values of total 
pressure and temperature at those points together with the average 
static pressure at that cross section. 

The combustion efficiency is arbitrarily defined as the ratio 
of the actual rise in total temperature to the theoretical rise in 
total temperature possible with the fuel-air ratio used. The charts 
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of reference 3 were utilised for these computations. The thermo- 
couple indications were taken as true values of the total tempera- 
tures with no corrections "being made for radiation or stagnation 
effects. 


RESULTSAND DISCUSSION 
Altitude Operational Limits 

Experimentally determined data obtained to ascertain altitude 
operational limits are summarized in table X. Lata on ccmbustor- 
outlet conditions are omitted from table I for runs in which any 
of the following events occurred: (l) Several individual readings 

of combustor-outlet temperatures fell below the potent! one ter 
limit (400° F) making it Impossible to determine accurately the 
average ccmbustor-outlet temperature; (2) large fluctuations 
occurred in the Instrument indications; (3) blow-out occurred when 
the fuel-air ratio was changed to the value indicated; and (4) no 
combustion was obtainable at any fuel-air ratio. The runs for 
whioh data are omitted are labeled in table X to indicate which of 
these phenomena was the cause. 

The altitude operational limits are presented in figure 7 on 
a plot of the simulated altitudes and engine speeds. The curve 
separates the region where the ccmbustor-outlet temperatures 
obtainable were sufficient from the region where the outlet temper- 
atures obtainable were insufficient far nonaccelerating operation 
of the 19XB-1 engine. Far convenience in referring to table 1, 
the data points on the figure are identified by numbers. The 
approximate operational ceiling of the engine as determined by the 
combustor was 30,400 feet at a simulated engine speed of 7500 rpm 
and Increased as the simulated engine speed was increased. At an 
engine speed of 16,000 rpm, the operational ceiling of the engine 
was approximately 48,000 feet. 

No runs were made at conditions simulating flight velocities 
other than zero, but it is estimated from the data reported here 
and in reference 2 that the altitude operational limits will be at 
least 5000 feet higher throughout the entire engine-speed range 
when a flight velocity of 500 miles per hour is simulated. 

A comparison is made in figure 8 of the altitude operational 
limits of the combustor deter mine d herein with (a) the operational 
limits obtained in an altitude-wind-tunnel investigation of the 19XB-1 
engine at a simulated flight velocity of 200 miles per hour and 
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using AN-F-22 fuel (reference l), and (t>) the operational l imi ts 
obtained with this same combustor at 19B engine zero-ram conditions 
and vising AN-F-28 fuel (reference 2). The first comparison shows 
the results of the combustor investigation to be In fair agreement 
with the results of the engine investigation. The curve determined 
by the engine investigation would be expected to be higher t han the 
curve determined by the combustor investigation because 200 miles 
per hour ram was used with the engine. Comparison (b) shows the 
benefit to the combustor of changing to a higher compression-ratio 
compressor, which is the main difference between the 19B and the 
1SXB-1 turbojet engines. The sensitivity of the combustor to the 
compressor performance is accounted for by data presented in ref- 
erence 2 showing the effects of inlet-air pressure, temperature, 
and velocity on combustor performance. 


Combustion Efficiencies 

• 

Results of the combustion-efficiency investigation are 
summarized in table II. Lines of constant combustion efficiency 
(dashed lines) are shown on a plot of simulated altitudes and engine 
speeds in figure 9. At each data point on the figure, the combustion 
efficiency for that point is specified. The constant combustion- 
efficiency lines were obtained by interpolating between the data 
points. The solid curve on figure 9 represents the altitude opera- 
tional limits as determined herein. Throughout the range of simu- 
lated altitudes and engine speeds Investigated, the combustion 
efficiency increased with Increasing engine speed and with decreasing 
altitude. For example, at an altitude of 20, OCX) feet the combustion 
efficiency was 64 percent at 7000 rpm, 76 percent at 10,000 rpm, and 
98 percent at 14,000 rpm; at sea level the combustion efficiency was 
93 percent at 7000 rpm and 99 percent at 10,000 rpm. Combustion 
efficiencies below 50 percent were obtained at altitudes near the 
operational limits. 


Available Acceleration 

The amount by which the combustor temperature rise obtainable 
exceeds the temperature rise required for nonaccelerating engine 
operation is an index of the available acceleration. For many simu- 
lated altitudes and engine speeds, data showing the maximum tempera- 
ture rise obtainable appear in table I. The differences between 
these maximum values of temperature rise obtainable and the corre- 
sponding values of temperature rise required for nonaccelerating 
engine operation at the same altitude and engine- speed conditions 
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are indicated in figure 10 beside each, data point. The data points 
are located in figure 10 by the coordinates of simulated altitudes 
and simulated engine speeds and the dashed lines indicate constant 
■ralues of available acceleration (indicated by the parameter, temper- 
ature rise obtainable minus temperature rise required) obtained by 
interpolating between the data points. The solid curve in figure 10 
represents the altitude operational limits and is therefore a curve 
of zero available acceleration. 


Combustion Character! sties 

Various types of resonant combustion were observed during the 
investigations . The resonance was characterised by flickering of 
the flames, vibration of the combustor and adjacent ducting, and 
fluctuation of the outlet- temperature indications. The combustion 
during each run is described by a letter designation in tables I 
and II. 

For any simulated engine speed at altitudes to within about 
10,000 feet of the operational limit, nonresonant yellow-flame 
combustion occurred and the combustor supplied a temperature rise 
far in excess of that required for engine operation; the combustor 
temperature rise increased with fuel-air ratio throughout the range 
of fuel-air ratios investigated. As the simulated altitude was 
increased at any constant simulated engine speed, blue-flame 
combustion gradually appeared and then resonance appeared and became 
pronounced as the operational limit was approached. At altitudes 
near the operational limit, the combustor showed little response 
to changes in fuel flow. The temperature rise through the combustor 
increased very slowly as the fuel flow was increased and reached a 
Tna.YlTrmm at a fuel-air ratio within the range investigated (much 
leaner than the over-all stoichiometric); further increases in fuel 
flow resulted in decreasing combustor temperature rise and increasing 
resonance until a rich-limit blow-out occurred. At simulated engine 
speeds below 8000 rpm and at simulated altitudes near the operational 
limits, combustion would sometimes cease as the fuel flow was 
decreased (lean-limit blow-out). This phenomenon was never encoun- 
tered at high simulated engine speeds. 


Pressure Drop through Combustor 

The data for thp total-pressure drop from the inlet to the out- 
let of the combustor are presented in figure 11. All data from, 
table I are Included an the figure. The ratio of the total-pressure 
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drop to the inlet dynamic pressure — * ■ ■ - < is plotted against the 

ratio of the inlet-air density to the outlet-gas density P 2 /P 3 . A 

straight line with a slope of approximately 0.4 is obtained that repre- 
sents the data with a scatter of about ±5 percent. A derivation of 
this relation is presented in reference 2 where it is explained that 
the relation dews not hold accurately for this combustor when the 
flame seat shifts. The flame seat was observed to move farther down- 
stream when operating under conditions that result in resonant combus- 
tion or when operating with a high heat release (high air- flow rate 
together with high combustor- temperature rise). 

The same pressure-drop data are expressed in figure 12 as a 
function of the ratio of c embus tor-outlet temperature to ccmbustor- 
inlet temperature T 3 /T 2 . Figure 12 makes possible the direct esti- 
mation of the pressure drop across the combustor from a knowledge of 
compressor and turbine performance although the correlation is less 
exact theoretically than that of figure 11 . 

The isothermal - AP - ^~ 5 - is 1.82. When T 3 /T 2 is 2.6, 

9-2 9-2 

is about 2*5. These values of pressure drop across the combustor are 
about 14 percent higher than those reported in reference 2 for the 
same combustor. The high values for the pressure drop reported may 
result because the pressure taps at Instrumentation plains 3 were 
located a short distance downstream of the thermocouple rakes and 
recorded the additional pressure drop across those rakes; this condi- 
tion was not present in reference 2 . 


Temperature and Velocity Profiles at Combustor Outlet 

Combust or- outlet temperature profiles became more uniform (l) 
as the average combustor- temperature rise decreased and ( 2 ) as the 
inlet conditions were altered to give higher combustion efficiency. 
These general trends were consistent although the exact pattern of 
an outlet-temperature distribution could not always be reproduced in 
check runs. In order to illustrate these trends, combustor- outlet 
temperature profiles for 3 runs are presented in figure 13. A 
comparison of the pertinent data for the three runs follows: 
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Average 

com- 

bustor- 

temper- 

ature 

rise 

(°F) 

Combus- 

tion 

effi- 

ciency 

(per- 

cent) 

Average 
c can- 
bus tor- 
outlet 
temper- 
ature 
(°F) 

Maximum 

local 

outlet 

temper- 

ature 

(op) 

Minimum 

local 

outlet 

temper- 

ature 

(op) 

Average 

outlet- 

temper- 

ature 

devia- 

tion 

(°F) 

Run shown in 
fig. 13(a) 
(10,000 rpm 
at 15,000 ft) 

713 

86.8 

834 

1160 

585 

94.8 

Bun shown in 
fig. 13(b), 
(10,000 rpm 
at 10,000 ft) 

713 

90.8 

853 

1070 

630 

84.2 

Run shown in 
fig. 13(c), 
(17,000 rpm 
at 47,000 ft) 

1218 

86.5 

1459 

1970 

970 

150.6 


The average outlet-temperature deivation la the average deviation, of 
the individual local temperatures from the average temperature at 
the combustor outlet. 

A comparison was made between the combustor- outlet temperature 
profiles for two runs (figs. 13(a) and 13(b)) in vhloh the combustor- 
temperature rise was the same but the combustion, efficiency was 
different; the run shown in figure 13(a) had the lower combustion 
efficiency and the more uneven outlet- temperature profile. Fig- 
ures 13(a) and 13(c) afford a comparison between the combustor- 
outlet temperature profiles for two runs in which the ocmbustion 
effloienoy was about the same but the combustor-temperature rise 
was different; the run shown in figure 13(c) had the higher temper- 
ature rise and the more uneven outlet-temperature profile. The 
temperature profiles at the combustor outlet were very sensitive to 
alinement of the combustor basket. 

Figure 14 shows combustor- outlet velooity profiles for the same 
runs for which combustor- outlet temperature profiles appear in 
figure 13. The velocity profiles were similar for all runs and their 
degree of uniformity showed no direct relation to the temperature 
profiles. 
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Condition of Ccanbustor Basket 

Inspection of the basket at the conclusion of the investigation 
to determine the altitude operational limits (about 16 hr running 
time) shewed very little warping and only slight carbon deposits (at 
the upstream end of the basket). At the conclusion of the investi- 
gation to determine combustion efficiencies (about 20 hr operation), 
the basket shewed very little warping and the carbon deposits, though 
considerably greater than those farmed during the altitude-operational- 
limits investigation, were still less than 0.003 inch thick at the 
upstream end of the basket. Most of the carbon deposited was in the 
farm of soot. The carbon deposits formed during the efficiency 
investigation were greater than those formed during the operational- 
limits investigation and may be the result cf the prolonged opera- 
tion at low simulated altitudes where yellow, luminous flames are 
encountered. The Inside surfaoe of the basket was covered by deposits 
of lead azide. These deposits were also amorphous in nature and were 
never thicker than the carbon deposits at the upstream end of the 
basket. 


SUMMARY OF RESULTS 

The results obtained in the investigation of the combustor for 
the 19XB-1 turbojet engine at conditions simulating zero-ram opera- 
tion at various altitudes and rotational speeds ere summarized as 
follows: 


1. For any simulated engine speed at all altitudes to within 
about 10,000 feet cf the operational limit, yellow-flame combustion 
occurred and the combustor supplied a temperature rise far in excess 
of that required for engine operation; the combustor temperature rise 
increased with fuel-air ratio throughout the range of fuel-air ratios 
investigated. 

2. As the simulated altitude was increased, at any constant 
simulated engine speed, blue-flame combustion gradually appeared and 
then resonance appeared and became pronounced as the operational 
limit was closely approached. At altitudes near the operational 
limit, the response of the combustor to changes in fuel flow was very 
slow. The temperature rise through the combustor Increased slowly 
as the fuel flow was increased and attained a maximum value at a 
fuel-air ratio within the range investigated (much leaner than the 
over-all stoichiometric); further increases in fuel flow resulted in 
decreasing temperature rise and increasing resonance until a rich- 
limit blcw-out occurred. 
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3. The operational ceiling of the engine, as indicated by 
failure of the combustor to supply the energy required "by the 
turbine, was 30,400 feet at a simulated engine speed of 7500 rpm 
the operational ceiling increased as the simulated engine speed was 
increased. 

4. The altitude operational limits, which were imposed on the 
19B engine by the combustor, were much lower than those imposed on 
the 19ZB-1 engine. This difference was due to the more favorable 
combustor- inlet conditions obtained with the higher compression 
ratio in the 19XJS-1 engine. 

5. Throughout the range investigated, the combustion efficiency 
increased with increasing engine speed and with decreasing altitude, 
it an altitude of 20,000 feet the combustion efficiencies were 

64 peroent at 7000 rpm, 76 percent at 10,000 rpm, and 98 percent 
at 14,000 rpm. At sea level, the combustion efficiencies were 
93 percent at 7000 rpm and 99 percent at 10,000 rpm. Combustion 
efficiencies below 50 percent were obtained at altitudes the 

operational limits. 

6. As expected from theoretical considerations, a straight- 
line correlation was obtained when the ratio of the total- pressure 
drop through the combustor to the combustor- inlet dynamic pressure 
was plotted as a function of the ratio of the combustor- inlet air 
density to the combustor-cutlet gas density. The isothermal total- 
pressure drop through the combustor was 1.82 times as great as the 
inlet-dynamic pressure. 

7. Combustor-outlet temperature profiles were more uniform 
when the temperature rise through the combustor was low aj& when 
the combustion efficiency was high. 

8. Inspection of the combustor basket showed little deteriora- 
tion and no appreciable carbon deposits after 36 hours of operation. 


Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio 
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TABLE z - PERFORMANCE DATA OH COMBUSTOR OF 19XB-1 TURBOJET 


Point 

Slant- 

SI mu- 

Inlet 

Inlet- 

Average 

Average 

Air 

Fuel 

Fuel- 

0 embus- 


lated 

lated 

static 

air total 

outlet 

total 

flow 

flow 

air 

tioa effl- 


engine 

alti- 

pressure 
(lb/aq In. 

tempera- 

total 

temper- 

ut/ 

ut>/ 

ratio 

ciency 


speed 

tude 

ture 

temper- 

a ture 

sec) 

hr) 




(rpm) 

<ft) 

absolute) 

(°P) 

a ture 

rise 








( °F) 

through 

combus- 













tor 











(°P) 






6.000 

32, 000 

5*35 

—a 



2.70 

200-500 




2 

6*000 

27,000 

5.79 

■qh 

670 

670 

2.85 


0.0214 

0.383 




5.79 

6.79 

11 

908 

908 

2.85 
2 85 


.0328 

AfSA 

.424 









■UiisLMi 



10,000 

28,000 

9.82 

75 

886 

791 

6.39 

402 


0.638 



9.62 

75 

954 

879 

6.29 

466 

.0206 

• 620 




9.82 

75 

998 

923 

6.29 

600 

.0220 

• 612 




9.82 

76 

1142 

1067 

6.29 

500 


.707 




9.82 

75 

938 

863 

6.29 

600 


• 488 


10,000 



60 

623 

623 

5.38 

300 

0.0163 

0.570 



61 

656 

656 

5.38 

346 

.0177 

.528 

■ 1 1 



ms 

60 

653 

593 

5.38 

385 

.0198 

.432 

■ 

14,000 

36,000 

12.27 

160 

1300 

1150 

7.30 

500 

0.0190 

0.878 


12.27 

ISO 

1513 

1363 

7.30 

700 

.0264 

.779 

H 




160 

1248 

1098 

6.05 

455 

0.0208 

0.770 


160 

150 

1398 

1248 

6.04 

6.04 

550 

600 

.0252 

.740 








IMHMI 





SI 

14,000 

44,000 

8.54 

160 

947 

797 

5.06 

350 

0.0191 

0.604 

6.34 

150 

1024 

874 

6.05 

412 

.0226 

•572 




8.54 

151 

916 

765 

6.09 

415 

.0226 

.500 




8.64 

160 

955 

805 

5.06 

525 


.428 

32 

14,000 

48,000 

7.02 

150 

666 

516 

4.19 

300 

0.0197 

0.382 

7.02 

7.02 

151 

161 

818 

667 

4.19 
1 TO 

425 

520 

.0280 
. OW44 

.363 * 













34 

10,000 


!■ 

61 

50 



4.82 

303 

345 

0.0173 

.0197 


534 

534 

4.82 

A QO 

0.390 





60 


• 0218 





) r' Jr^ — ~ 

4. (X 



36 

8,000 

30,000 

6.97 

26 

697 

671 

4.10 

300 

0.0201 

0.477 




6.97 

24 

685 

661 

4.10 

540 

.0228 

.421 

37 



6.38 

6.38 

16 

26 

630 

615 

3.77 

. ai 

550 * 
545 

0.0241 
• 0249 

0.385 




mt 


o« oo 


38 

10,000 

30,000 

9.03 

70 

685 

685 

6.77 

300 

0.0144 

0.671 


9.03 

69 

798 

798 

6.78 

370 

.0176 

.644 




9.03 

70 

822 

822 

5.77 

425 

.0204 

.583 




9.03 

9.03 

70 

AO 

823 

823 

5.77 

ft «7«r 

464 

520 

.0225 

0250 

.340 







o# / r 





^The following typos of resonant combustion were enoounteredt: 

A Rapid flicicering at base of flame. 

B Temperature fluctuations at combustor outlet. 

D Noisy vibration of combustor and adjacent ducting together with temperature 
fluctuations at combustor outlet. 

E Rapid flickering at base of flame together with temperature fluotuati ons at 
combustor outlet, 

N Normal operation (no Noticeable resonance). 

+ Severe lnt ensl ty. 

„ Slight intensity. 

^The following conditions made some data unobtainable j 
V Blov*- out. 

X Fluctuations in outlet temperatures. 

T Outlet temperatures belcw 400° F. 
z No combustion at any fuel-air ratio. 
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ENGINE FROM TESTS TO DETERMINE ALTITUDE OPERATIONAL LIMITS 
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TABUS I - PERFORMANCE DATA ON COMBUSTOR OF 19XB-1 TURBOJET 


Point 

Simu- 

lated 

engine 

speed 

(rpm) 

Simu- 

lated 

alti- 

tude 

(ft) 

Inlet 
static 
pressure 
l lb/ aq In. 
absolute) 

Inlet- 
air total 
tempera- 
ture 
(°p) 

Average 

outlet 

total 

temper- 

ature 

f°P) 

Average 

total 

temper- 

ature 

rise 

through 

combus- 

tor 

(°F) 

Air 

flow 

(lb/ 

sec) 

Fuel 

flow 

(lb/ 

hr) 

Fuel- 

air 

ratio 

Combus- 
tion effi- 
ciency 

KS 

8, 000 

28,000 

7.71 

36 







mm 



7.71 

34 

817 

617 

4.41 

358 

.0224 

0.530 

■ 



7.71 

35 

858 

858 

4.41 

410 

.0257 

• 494 




7.71 

36 

— ■ - — 


4.41 

460 

.0289 


40 

12.000 


9.07 

98 

818 

720 

6.29 

320 


BSI 




9.97 

97 

1240 

1143 

6.28 

497 



41 

12.000 

40.000 

7.91 

98 

711 

613 

4.96 

300 

0.0166 

0.523 




7.91 

96 

— — — — 


5.04 

376 

• 0207 





7.91 

98 

764 

656 

4.96 

400 

jV 

• 430 




7.91 

99 

736 

637 

6.00 

455 


.376 




7.91 

99 

■— — 


5.00 

485 






7.91 

98 



4.96 

500 

.0280 

. - -- _ - - 

42 

is. 000 

42,000 

7.27 

98 

600 

502 

rwjm 

300 

rVuTM 

0.400 




7.27 

98 

629 

631 

Id 

325 

.0195 

.392 




7.27 

98 

604 

606 

ECS 

370 

.0223 

.332 


H H 


7.27 

98 

— 


4.58 

420 

.0254 


43 

16.000 

60.000 

■m 

211 

1066 

844 

4.30 

350 

0.0224 

0.558 





210 

1047 

837 

4.50 

400 

.0257 

.492 





210 

971 

761 

4.30 

475 

• 0306 

• 386 




■2E0H1 

210 

i 



4.30 

500 

.0323 


44 

16.000 

47,000 

9.43 

210 

1398 

1188 

4.98 

400 

0.0223 

0.788 




9.43 

210 

1397 

1187 

4.96 

450 

.0252 

.710 

46 

11*000 

38,000 


74 

673 



T.« 

575 

6.6211 






74 

- — — — — — — - 


4.93 

410 

.0231 


47 



7. 66 

162 

675 

623 

4.71 

370 

0.0218 



mmmm 


7.66 

162 

— 


4.71 

405 

.0239 


E9 

1 PI . , iMr 


8.20 

71 

613 

542 


WEsm 

EEEEJ 

■twttvh 

■ 



8.20 

67 

568 

491 


345 

.0178 

• 393 

mm 



8.20 

71 




420 

.0216 


49 

10,000 

33,000 

8. 05 

56 

567 

499 

5.89 

325 

0.0171 

0.414 

L_J 



6.06 

68 

547 

489 

5.29 

375 

, .0197 

..357 


*Tha following types of resonant combustion were encountered* 

A Rapid flickering at base of flame. 

B Temperature fluctuations at combustor outlet. 

D Noisy vibration of combustor and adjaoent ducting together with temperature 
fluctuations at o ombustor outlet. 

2 Rapid flickering at base of flame together with temperature fluctuations at 
combustor outlet. 

+ Severe intensity. 

- Slight Intensity. 

2 The following conditions made some data unobtainable* 

W Blow-out . 

X Fluctuations In outlet temperatures. 

T Outlet temperatures below 400® F. 

Z No combustion at any fuel-air ratio. 
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ENGINE PROW TESTS TO DETERMINE ALTITUDE OPERATIONAL LIMITS. - Concluded 



Point 

Maximum 
local 
out lot 
total 
temper- 
ature 
(°F) 

Minimum 

local 

outlet 

total 

temper- 

ature 

(°F> 

Total- 

pressure 

drop 

“Sfij 

Static- 

pressure 

drop 

f H£i 

Pressure 

difrer- 

ential 

across 

fuel 

nozzles 

(In. Hg) 

Inlet 

velocity 

Cft/seo) 

Average 
outlet 
Telocity 
fft/sec } 

Remarks 

ClM2> 

30 

1120 

1200 

690 

690 

0.26 
• 29 

0.36 

.37 

4.8 

12.0 

16.2 

162 

162 

162 

163 

336 

349 

EB 

40 

1060 

1900 

640 

640 

0.53 
• 66 

0.62 

.76 

8.6 

25.0 

201 

200 

375 

610 


41 

990 

960 

1000 

620 

660 

470 

0.40 

• 40 

• 40 

0.45 

.46 

.47 

9.4 

12.1 

14.8 

18.0 

199 

202 

199 

202 

202 

340 

354 

364 

K 

A+, V 
K+ 

A+ 

At, w 

42 

hi 

400 

400 

400 

0.36 

• 56 

• 55 

S 


200 

200 

200 

200 

309 

318 

311 

8+ « 

A 

A 

A 

45 

1630 

1450 

1360 

630 

760 

700 

0*54 
• 35 
.33 

u 

13.2 

16.0 

21.6 

208 

208 

206 

306 

361 

561 

562 

A- 

A+ 

At 

At ( V 

44 

2040 

2170 

890 

890 

0.44 

.41 

0.56 

.63 

18.0 

21.4 

200 

200 

456 

466 

X 

E 


46 

780 

400 

0*37 

0.41 


200 

200 

316 

A+ 

A+, W 

a in' 




47 

910 

400 

.0*36 

0.40 


215 

215 

324 

At 

A+a W 


45 

840 

830 

400 

400 

0.42 

0.46 

§9 

199 

198 

199 

327 

V 

A 

At, V 


49 

900 

790 

400 

400 

0.57 

.36 

0.41 

.41 

9.5 

11.3 

194 

194 

308 

306 

Hi 
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TABLE XI - PERFORMANCE DATA OH COMBUSTOR OP 19XB-1 TURBOJET ENGINE 



8.20 

8.20 

9.53 

9.53 

11.69 

11.69 

14.09 

14.09 

16^04 

16.84 

13.40 

13.40 

15.96 

15.96 

19.20 

22.73 

15.61 

15.61 

18.95 

16.95 

18.95 
22.83 
10.51 
10.51 
14.29 
14.29 
18.02 
18.02 
22.00 
19.93 
19.93 

26.61 


Inlet- 
air total 
tempera- 
ture 
(°p) 

Average 

outlet 

total 

temper- 

ature 

(°F) 

32 i 

668 

29 

836 

49 

861 

50 1 

701 

66 

812 

66 

880 

81 

824 

83 

956 

101 

945 

101 

836 

104 

808 

104 

690 

122 

793 

121 

834 

140 

853 

158 

918 . 

170 

979 

168 

914 

186 

876 

186 

938 

186 

978 

207 

987 

241 

1355 

241 

1459 

240 

1347 

240 

I486 

243 

1444 

243 

1335 

279 

1367 

119 

1025 

119 

923 

176 

963 



Fuel- 

air 

ratio 


Combus- 
tion effi- 
ciency 


4.12 

4.12 
4.24 
4.94 

5.74 
5.76 

6.75 
6.80 
7.91 
7.91 
8.00 
8.00 
9.50 
9.52 

10.90 

12.69 

9.18 

9.13 
11.00 
11.00 
10.92 
13.01 

5.39 

5.41 

7.35 

7.35 

9.18 

9.18 

11.20 

9.09 

9.09 

14.45 


0.0164 

.0187 

.0167 

.0153 

.0134 

.0146 

.0126 

.0144 

.0132 

.0118 

.0123 

.0110 

.0107 

.0113 

.0100 

.0112 

.0126 

.0117 

,0105 

.0113 

.0119 

.0111 

.0192 

.0208 

.017? 

.0196 

.0181 

.0163 

.0158 

.0135 

.0122 

.0110 


0.544 
.613 
.687 
.597 
.775 
.781 
.816 
.849 
.891 
.860 
.791 
.730 
.858 
.868 
.908 
.942 
.899 
.888 
.908 
.926 
.931 
.977 
.851 
.865 
.912 
.937 
.969 
.970 
.998 
.940 
.913 
• 994 


^ The following types of combustion were encountered; 

E Rapid flickering at base pf flame together with temperature fluctuations at 
combustor outlet. 

N Normal operation (no noticeable resonance)* 

- Slight intensity. 
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PROM TESTS TO DETERMINE ALTITUDE COMBUSTION EFFICIENCIES 


Point 

Maximum 

local 

outlet 

total 

temper- 

ature 

(°p) 

Minimum 

local 

outlet 

total 

temper- 

ature 

(OF) 

Total- 
pressure 
drop 
( lb/sq 
In. ) 

Static- 

pressure 

drop 

{lb/sq 

In.) 

Pressure 
differ- 
ential 
across 
fuel 
nozzles 
(In. Hg) 

Inlet 
velocity 
( ft/sec ) 

Average 
outlet 
velocity 
( ft/sec ) 

Remarks 

(1) 

so 

850 

460 

0.226 

0.264 

8.0 

141 

256 

£ 

— — — — 

1080 

530 

.240 

.300 

8.6 

140 

296 

E 

51 

1240 

530 

.299 

.372 

8.0 

151 

311 

N 

— 

910 

460 

• 278 

.325 

7.0 

151 

272 

E- 

52 

1220 

SCO 

.314 

.379 

7.2 

147 

281 

K 

— 

1340 

560 

.321 

.397 

8.0 

148 

298 

N 

53 

1130 

560 

.363 

.433 

8.2 

148 

276 

If 

■ 

1360 

670 

.382 

.400 

10.8 

149 . 

308 

IT 

54 

1270 

700 

.431 

.531 

12.8 

150 

297 

N 

- — 

1130 

620 

.419 

.495 

10.0 

150 

273 

H 

55 

1140 

560 

.536 

.632 

11.2 

192 

346 

K 

— — 

1000 

450 

.521 

.581 

9.0 

192 

312 

N 

56 

lOOO 

580 

.640 

.736 

12.2 

198 

340 

N 


1160 

585 

.643 

.754 

13.7 

198 

352 

H 

57 

1070 

630 

.694 

.809 

16.7 

194 

338 

N 

58 

1140 

740 

.848 

.996 

- 

197 

350 

N 

59 

1290 

740 

.672 

.801 

15.8 

211 

388 

K 

— — — 

1200 

670 

.664 

.773 

13.6 

211 

370 

N 

60 

1060 

660 

.776 

.377 

16.2 

214 

353 

N 

— - 

1170 

730 

.764 

.888 

18.8 

214 

370 

N 

— — — 

1210 

750 

.777 

.917 

20.9 

212 

379 

K 

61 

1190 

800 

.947 

1.097 

27.2 

217 

376 

H 

63 

1850 

960 

.465 

.578 

13.2 

205 

432 

H 

— — 

1970 

970 

.469 

.603 

16.4 

206 

460 

N 

64 

1830 

980 

.590 

.740 

20.8 

205 

429 

H 


2000 

1070 

• 606 

.791 

26.2 

205 

464 

N 

65 

1890 

1130 

.712 

.924 

37*2 

204 

448 

ff 

— — — — 

1750 

1060 

.688 

.866 

29.6 

204 

419 

V 

66 

1600 

1175 

.841 

1.051 

42.5 

215 

427 

N 

69 

1300 

790 

.479 

.603 

18.8 

150 

304 

H 

— — 

1160 

720 

.471 

.570 

14.8 

150 

283 

V 

70 

1200 

780 

• 942 

1.108 

33.3 

195 

348 

If 



Inst runtnt at i o n pl&nes- 


-Pratsur* taps I" downstream of thermocouples 


Basket — 1 


Conbusto r 






Figure I. - Diagrammatic sketch of installation of combustor for 1 9 X B- 1 turbojet engine 
showing inlet and outlet ducts and locations of instrumentation planes. 


* +n+9Lf 





Figure 2. - Diagrammatic sketch -of apparatus and installation of combustor for I9XB-I 

t u rbo j e t engine. 
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Total-pressure raka used 
at instrumentation piano 2 


Rak«~tjrpe bare ths raocoupl e I chroma I -el uaal ) 
used at I nat runantat 1 on plana 3 


- Details of temps ratu re-and pressure-measuring instruments used at instru- 
mentation planes shown in figure I. 


t /1 - V*i 
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' I I I i J > « !»** — — * * 1 ■ - ■ ■ • 

5 7 9 11 13 15 17 19 x 10° 


Engine speed, rpra. 

(a) Air flow. 

Figure 6. - Estimated zero— ram performance characteristics of 19XB-1 turbojet 
engine* (Data from manufacturer.) 
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Figure 6. - Continued. Estimated sero-ram performance characteristics of 19XB-1 
turbojet engine. (Data from manufacturer. ) 
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8 7 9 11 13 IS 17 19 x 10 s 

Engine speed, rpa 

(o) Combustor— Inlet tempera ture. 

Figure 6* - Continued. Estimated zero-ram performance characteristics of 19XB-1 
turbojet engine. (Data from manufacturer* ) 



ombustor-outlet temperature 
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(d) Required combustor-outlet temperature* 

Figure 6. - Concluded. Estimated zero-ram performance characteristics of 19XB-1 
turbojet engine. (Data from manufacturer.) 



Simulated altitude 
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Figure 7, - Altitude operational limits of 19XB-1 turbojet engine as 
determined by performance of the oombustor at various simulated 
flight conditions. Zero ramj fuel# AN-F-28# Amendment -3# Humber s 
designate points in table !• 
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Figure 8« - Comparison of altitude operational limits of 19-iach turbojet 
engines as determined by 19XB-1 engine Investigations and combustor 
Investigations at both 19B and 19XB-1 engine conditions. 
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o Ho resonance l Required coabus tor-out let temperature 
□ Resonance J obtainable 

A Required combustor-outlet temperature unobtainable 

Constant combustion efflolenoy 

Altitude operational limits 
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* 6 8 10 12 14 16 18 x 10 ; 

Simulated engine speed* rpm 


Plgure 9. - Combustion efficiencies of oomlustor of 19X&-1 turbojet engine at 
various simulated flight condition^* Zero ram* 


v 
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* 


Figure 10* - Available acceleration of 19XB-1 turbojet engine as indicated by 
difference between maximum temperature rise obtainable in investigation of 
combustor and temperature rise required for nonaccelerating engine operation* 
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Ratio of total-pressure drop aoroaa cocnbustor to oombus tor- inlet djnaaio preasur* 



Figure 11. - Total-pro sauro drop aoroq* coabuator of 1WCB-1 turbojet origins, expressed as friotlon of inlet dynamic pressure and 
ap function of density ratio aoroea combustor. 
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(a) Operating conditions simulating static engine operation at a 

rotational speed of 10, 000 rpm at an altitude of 15,000 feet 


Figure 13. - Tenperature profiles at 19XB-1 combustor outlet 
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(b) Operating conditions simulating 9tatlc engine operation at a 

rotational speed of 10,000 rpm at an altitude of 10,000 feet. 


Figure 13. - Continued. Temperature profiles at 19XB-1 combustor outlet. 
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(c) Operating conditions simulating static engine operation at a 

rotational speed of 17*000 rpm at an altitude of 47*000 feet. 


Figure 13. - Concluded. Temperature profiles at 19X&-1 combustor outlet. 
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(a) Operating conditions simulating static engine operation at a 

rotational speed of 10,000 rpm at an altitude of 15,000 feet. 

Figure 14. - Velocity profiles at l&XB-l combustor outlet. 
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(b) Operating conditions simulating static engine operation at a 

rotational speed of 10,000 rpm at an altitude of 10,000 feet. 
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Figure 14 


Continued* Velocity profiles at 19XB-1 combustor outlet 
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(c) Operating conditions simulating static engine operation at a 

rotational speed of 17*000 rpm at an altitude of 47*000 feet. 


Figure 14, - Concluded, Velocity profiles at 19XB-1 combustor outlet. 
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